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Abstract 
Several systems for CO2 capture using CaO as regenerable sorbent are under 
development at Industrial Technology Research Institute (ITRI). CaO/CaCO3 looping of 
carbon dioxide capture system can also be used for both pre-combustion and post-
combustion carbon dioxide capture. At present, ITRI has established a post-combustion 1 
kW CaO/CaCO3 looping of carbon dioxide capture system device in Taiwan. The 
carbonator is for the bubbling fluidized bed and the calciner is for the moving bed. The 
device made up 0.1 kg/hour of new CaO which has been under 57 hours of continuous 
operation. Capture efficiencies above 99% have been obtained under realistic flue gas 
conditions in the carbonator reactor. 
In the future, power generation, petrochemical industry and steel and iron industries 
are the first to be considered for reduction of CO2 emissions. Our goal is to establish a 1 
MW （5 thousand tons of CO2  every year）pilot plant in 2011, 10 to 30 MW（50 to 
150 thousand tons CO2 every year）demonstration plant in 2020 and a commercial plant 
in 2027 for post-combustion capture. In addition, ITRI has to research and develop the 
CO2 capture technologies from flue gases including Gasification or Integrated 
Gasification Combined Cycle (IGCC), CaO/CaCO3 looping and innovative meso-porous 
nanomaterials for CO2 adsorption. 
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1. Introduction 
Carbon dioxide the comes from combust ion o f fossil fuel is the major  
contr ibutor of the greenhouse effect.  The control and decrease o f 
anthropogenic CO2 emissions from fossil  fueled power plants abatement  
play important  roles for atmospher ic  CO2 concentrat ion reduct ion.  
Generally, there are several opt ions for atmospher ic carbon dioxide 
concentrat ion controlling, such as the subst itut ion of nuclear power for 
fossil fuels, power effic iency improvement of the foss il plants and the 
CO2 capture pr ior to its emission.  The emission controlling techno logy o f 
carbon dioxide by using the sorpt ion/desorption concept  with the sorbent  
is a widely applied method for the Fluidized Bed Combustor (FBC) flue gas  
process. From the energy po int  of view, therefore,  the separat ion o f 
carbon dioxide from the emiss ion source,  such as coal- fired power plants,  
has been considered as an effect ive mit igat ion opt ion for c limate  
change. ( 1 , 2 , 3) 
Solid sorbents for CO2 separat ion include sodium and potassium 
oxides,  zeolites,  carbonates, amine-enr iched sorbent , and etc. One o f them,  
the calc ium sorbents (CaO) is used widely in fluidized bed combust ion for  
emiss ion contro l of sulfur contaminants due to its low cost .  In addit ion,  it  
has been we ll known that  the fresh calc ined lime can be carbonated 
rapidly by carbon dioxide at  suitable temperature. Thus,  the calcium-
based sorbents has been suggested to  be an at t ract ive mater ia l for carbon 
dioxide removes due to  its low cost,  high adsorpt ion capacity and high 
reversibilit y o f CO2.The mechanism of CO2 capture/re lease of calciu m 
sorbent can be divided into two step,  carbonat ion and calc inat ion: 
CaO+CO2àCaCO3                                         (1) 
CaCO3àCaO+CO2                                         (2) 
The calc inat ion o f CaCO3 is an endothermic, mean the forward 
react ion is higher temperature favorable. ( 4 , 5 )  
CO2 separat ion from flue gas by CaO-based sorbents in fluid ized bed 
combust ion (FBC) system is an intensively invest igated techno logy for  
the reduct ion o f CO2 emission.  The typical scheme o f the CO 2 remove 
process could be depicted as Figure 1.  
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Figure 1 The scheme o f CO2  separat ion loop by CaO- based sorbent s.  
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According to  the ment ioned above, the carbonat ion process o f calcium 
sorbents (CaO) with CO2 is t he basis react ion for the capture techno logy 
in this high temperature CaO/CaCO3 cyc le system. In fact ,  all CaO 
sorbents used in this loop come from the calc inat ion process o f CaCO3,  at  
around 800~900oC. In the carbonator,  the high porous CaO sorbents were  
t reated with a diluted CO2 st ream and further formed CaCO3 at  a 
temperature of over 600oC. Act ive sorbents were regenerated by a  
calcinat ion react ion at  higher temperature between 850~900 oC, and the 
CO2 component  were separated from the loop. After being reduced in 
separate (cracker) vessel,  the CaCO3  t ransfers to CaO and further returns  
to  the carbonat ion vessel for CO2 capture.  
The object ive of this research is to  develop high performance sorbents 
for CO2 uptake at  high temperatures.  Due to the finit e t ime o f exposure  
and low ut ilizat ion o f the limestone,  increasing the calcium ut ilizat ion 
efficiency would be att ract ive of lowering the cost  of raw mater ials.  In 
this work, CaO sorbents with porous st ructure and high capacit y of CO2  
was developed for carbon dioxide capture. The micrographs,  surface area,  
pore structural,  act ivit y,  cyc le life, and character ist ic propert ies of CaO 
sorbents were also analyzed. In addit ion,  an atmospher ic small pilot  CaO 
carbonat ion/ calcinat ion system was a lso established for practical 
applicat ion of carbon dioxide separat ion. 
2. Experimental 
Experiments have been conducted in a 1 kW test facility built at ITRI, made up of one 
bubbling fluidized bed carbonator and one moving bed calciner as shown in Figure 2. 
The bubbling fluidized bed is 2.5 m high with a 0.1 m internal diameter. The moving 
bed is 0.9 m long with a 0.05 m internal diameter. Solids from the bubbling fluidized 
bed to moving bed have completed half of the solid circulation loop. Solids are 
transferred from the carbonator to the calciner by a pipe. The pipe is 0.5 m long with 1 
inch internal diameter. A mixture of gas containing CO2 (air from a blower and CO2 from 
a cylinder) is fed into the carbonator. Note that the fluidized gas in carbonator is mixing 
by 85% air and 15% CO2 in the percentage of volume. The air distributor is located at the 
gas entrance in the carbonator. Particles size of CaCO3 are distributed between 250-
500μm. Silicon carbide heating rods cover surround the carbonator and the calciner, 
which can maintain the moving bed at the temperature 800~900  and the bubbling ℃
fluidized bed at the temperature 600~700 . The CaCO℃ 3 calcination/carbonation studies 
in these works which have two steps. One is continuous-mode operation and it makes up 
0.1 kg fresh CaCO3 per hour. In this mode which needs toe maintain the bubbling 
fluidized bed at the temperature of 600~700  and the moving bed at the temperature ℃
800~900 .℃  The bubbling fluidized bed at the bottom of ΔP between 100 ~ 150 cm-H2O, 
that gas velocities are varied between 0.2-0.4 m/s. The other is batch-mode operation 
without making up fresh CaCO3. In this mode which need to maintain the bubbling 
fluidized bed at the temperature of 600~700  and the moving bed at the temperature ℃ of 
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600~700 .℃  The bubbling fluidized bed at the bottom of ΔP between 100 ~ 150 cm-H2O, 
that gas velocities are varied between 0.2-0.4 m/s. The agitated gas in the calcination 
vessel is nitrogen gas. In the same place prepare for a hole when we use steam to 
calcination. 
 Prior to starting the operation, industrial grade limestone was subjected to 
decomposition in the calcination vessel at the temperature around 850 . ℃ In addition CaO 
sorbents with highly porous structure and surface area were obtained when the limestone 
calcinated at high temperature for 30 min. In this process, approximately 8.4 kg of CaO 
were fluidized in the carbonator column and contacted with CO2 to form CaCO3. 7.6 kg 
of CaO remain in the moving bed, buffer tanks and transport system. On other hand, 
concentration of CO2 at the exit of the system was also determined for efficiency 
estimating of CO2 capture. 
 
  
Figure 2 Schematic and site photo of the bubbling fluidized bed reactor and moving bed 
reactor to test CaO/CaCO3 looping at ITRI. 
3. Results and Discussion 
We have operation of the continuous-mode and completed the continuous test of 
CaO/CaCO3 looping bench scale experimental system for 57 hours. The CO2 capture 
Tefficiency is more than 99%.(raw conc. of CO2 is 14~16%). Figure 3 is continuous-
mode operation during 57 hours which the original CO2 concentration of carbonator flue 
gas inlet and outlet. From start to finish we find the concentration of CO2 in the export 
value of less than one instrument (TESTO-350S) of the detection limit (0.1%). Our 
sampling points including the top of the carbonator and cyclone outlet. Figure 4 is the 
CO2 capture effic iency during the 57 hours in  the continuous -mode operation. In 
this figure we can see the CO2 capture efficiency is maintained at above 99%. Figures 3 
and 4 by the comparison of the inlet can be found although the CO2 concentration 
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changes over time are different, but outlet of the CO2 concentration are lower than the 
detection limit of carbon dioxide capture efficiency carbonator to maintain more than 
99%. The CO2 can not through reactor after a long period of operation. Maybe add CaO 
0.1kg per hour, excessive need to be reduced. Therefore carbonator CaCO3/CaO ratios 
inside the cover in determining the quantity of CaO becomes extremely important. 
Therefore need to operate the batch experiments. In addition to excessive so as to make 
up for capture efficiency can be maintained above 99%. Abanades et al. (2009) issued a 
30kW test facility in the paper referred to two interconnected circulating fluidized bed 
reactors capture efficiency of 88%.(6) Although both are fluidized beds, but ITRI's 
carbonator is bubbling fluidized bed reactor and CSIC-INCAR's carbonator is circulating 
fluidized bed reactor. CSIC-INCAR the carbonation reactor furnace gas velocities is 
varied between 1.5-3.5 m/s compared with ITRI of gas velocities is varied between 0.2-
0.4 m/s faster, CaO and CO2 may be insufficient reaction time caused by the difference 
between each other. ITRI's reaction time is about 5-10 seconds and CSIC-INCAR's 
reaction time is about 0.9-2 seconds. 
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Figure 3 It  is continuous -mode operation during 57 hours which the original CO2 
concentration of carbonator flue gas inlet and outlet. 
 
0
20
40
60
80
100
0 5 10 15 20 25 30 35 40 45 50 55 60
Time(hours)
C
ap
tu
re
 e
ff
ic
ie
nc
y(
%
)
 
Figure 4 It  is CO 2  capture eff ic iency during 57 hours in the continuous -mode 
operation. 
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Figure 5~8 are 4 times the previous batch-mode operation. Figure 5 is the first cycle in 
the batch-mode operation of calcination/carbonation studies. In this figure we can find 
the beginning of the whole system CaO weighed 15 kg in 400 minutes when the 
carbonator maintained more than 80% capture efficiency. The first cycle's breakthrough 
curve reached below capture efficiency 10% after about 670 minutes. Figure 6 is the 
second cycle in the batch-mode operation of calcination/carbonation studies. In this 
figure we can find the beginning of the whole system CaO weighed 15 kg in 230 minutes 
when the carbonator maintained more than 80% capture efficiency. The second cycle's 
breakthrough curve reached below capture efficiency 10% after about 690 minutes. 
Figure 7 is the third cycle in the batch-mode operation of calcination/carbonation studies. 
In this figure we can find the beginning of the whole system CaO weighed 15 kg in 105 
minutes when the carbonator maintained more than 80% capture efficiency. The third 
cycle's breakthrough curve reached below capture efficiency 10% after about 400 
minutes. Figure 8 is the fourth cycle in the batch-mode operation of 
calcination/carbonation studies. In this figure we can find the beginning of the whole 
system CaO weighed 15 kg in 115 minutes when the carbonator maintained more than 
80% capture efficiency. The fourth cycle's breakthrough curve reached below capture 
efficiency 10% after about 370 minutes. 
The third cycles and the fourth cycles results are different from the thermogravimetric 
analyzer (TGA). Figure 9 shows the TGA data recorded CaCO3 at high temperature of 
conversion vs time. CaCO3 of the conversion by the TGA was reduced when calcination / 
carbonation cycle increased. The third cycle and the fourth cycle have the same result, so 
there are other reasons for that. Perhaps the particle size of the change is a likely cause. 
Table 1 is first  to fourth cycles the part icle size o f the batch-mode 
operat ion.  CaCO3 of the part icle s ize dur ing repeated exper iment  will  
become smaller in Table 1. CaCO3's and the fourth cycle's part icle size are  
the same,  perhaps it  can be increased the capture effic iency. 
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Figure 5 Fir st  cycle of bat ch- mode 
operat io n.  
Figure 6 Second cycle of bat ch-mode 
operat ion.  
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Figure 7 Third cycle o f bat ch- mode 
operat io n.  
Figure 8 Fourth cyc le o f batch- mode 
operat ion.  
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Fig.9 Conver sio n vs t ime fo r calcinat ion/car bonat ion cycles.  Limestone: 
Ta iwan,  par t icle size 0 .25-0.5 mm. Calc inat ion t emperature 850 °C, 30 min, 
N2 :100 cc/min; car bonat ion temperature 650 °C,  40 min,  CO2 :100 cc/min.  
 
Table 1 Fir st  to  fourth cycles t he par t icle size o f t he batch- mode operat io n.  
Cycle First Second Third Fourth Original  
Mean Size(μm) 275.86 192.83 187.46 184.81 262.53 
Median Size(μm) 252.13 195.20 190.63 186.76 255.00 
Std. Dev.(μm) 128.76 120.33 86.53 63.08 385.15 
 
4. Future work 
The results presented above determine to use CaO/CaCO3 looping to capture CO2 is a 
viable technology. And a lot of new information published by other authors from their 
laboratory which identified with these results. As we recognized during the batch-mode 
operation with the problems and get the right to add, we'll continue to batch-mode 
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operation test. Now ITRI is able to stabilize the bubble fluidized bed operation but the 
moving bed operation is not stable. ITRI will be the end of the year is expected to change 
the rotary kiln calciner and the use of oxy-fuel to provide heat. The test facility will 
continue to be used to obtain more data after the calciner is finished changes. ITRI and 
Taiwan Power Company are planning to build 1MW scale pilot in 2011. These data will 
provide this pilot. 
5. Conclusion 
CaO/CaCO3 looping is very promising concept for post-combustion CO2 capture 
application. This work has shown that the bubble fluidized bed carbonator, works as a 
high effective CO2 absorber when it can maintain enough CaO in the carbonator. Particle 
size, CaO increase number and CaCO3/CaO ratios associated to the operation of the 
carbonator are relatively important. Pilot results from a 1 kW test facility designed, 
constructed and operated by ITRI have important viability of the operation. Projects have 
plan to add many experiments and get experience and design data for the 1 MW scale 
pilot. 
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